This report is one in the series 'Hypertension Illustrated' and presents a case of Holmes-Adie syndrome with orthostatic hypotension and autonomic dysfunction. This clinical syndrome is characterised by unilateral or bilateral tonic pupils with near-light dissociation and tendon areflexia [1] [2] [3] and is associated with disturbances in autonomic function in 28 to 40% of patients [4] [5] [6] and more seldomly with paroxysmal coughing. 7 In the present report, we emphasise the usefulness of and describe how the Valsalva ratio can be used to investigate baroreceptor dysfunction.
A 49-year-old man was investigated for severe orthostatic hypotension known since his mid-20s. His physical examination revealed that the right pupil was enlarged with delayed response to near vision effort or to light (Figure 1 ). Tendon reflexes were absent. Blood pressures varied from 120 to 210/70-110 mm Hg in the recumbent position and fell to 70-110 mm Hg (systolic) on standing without tachycardic response. He was complaining of paroxysmal coughing and of intolerance to heat with patchy dyshydrosis. Tests for autonomic function revealed no change in heart rate during the Valsalva manoeuver with a ratio maximum to minimal R-R interval of 1 ( Figure 2a ). Diastolic blood pressure was increased by 20 mm Hg with angiotensin II infusion (7 ng/kg/min) and this did not result in reflex bradycardia. A cold pressor test 8 was performed in the supine position with the patient holding one hand in a basin filled with half ice and half Figure 2 Representative segments of the electrocardiogram during the Valsalva manoeuver showing the minimum R-R interval (min R-R) during forced expiration and the maximum R-R interval (max R-R) following release of the strain in the patient (A) and in a healthy subject (B).
Journal of Human Hypertension
water for 60 seconds. Normally, the pain perceived by the brain elicites a cardiovascular response through the efferent baroreflex nerve fibres. In our patient, the cold pressor test elicited a brisk rise in blood pressure from 130/90 to 160/120 mm Hg. An oral dose of clonidine (␣ 2 central agonist) 0.1 mg 8 induced a pronounced drop in plasma norodrenaline from 1698 pmol/L to 345 pmol/L (2 h) and 551 pmol/L (3 h) and was associated with a concomitant decrease in blood pressure and heart rate.
The absence of heart rate response to orthostatic hypotension, to the Valsalva manoeuver and to the blood pressure increase during pressor infusion all suggest a failure of the afferent baroreflex nerve fibres. Conversely, the presence of a blood pressure response to the cold pressor test and to clonidine administration suggests that the efferent autonomic pathways are functioning adequately.
The traditional Valsalva manoeuver uses invasive intra-arterial blood pressure monitoring and is comprised of four phases in a healthy subject. 9 An increase in intrathoracic pressure results in a slight increase in blood pressure due to compression of the aorta in phase 1. During phase 2, pulse pressure declines because of reduced left ventricle filling; reflex vasoconstriction rapidly diminishes this downward drift. Phase 3 occurs after cessation of forced expiration and is accompanied by a brief decline in blood pressure. In phase 4, there is a resumption of normal cardiac output resulting in the so-called hypertensive 'overshoot' with baroreceptor-mediated bradycardia.
A noninvasive method of performing the Valsalva manoeuver that is employed by many laboratories consists of using the ratio of the maximum heart rate in phase 2 over the minimum heart rate in phase 4 or the maximum R-R interval over the minimum R-R interval. A standard mercury manometer attached to a mouthpiece by connecting tubing is required. Subjects are studied in semi-recumbent position and are trained to maintain an expiratory pressure of 40 mm Hg for 10 seconds. Heart rate is recorded continuously by means of an electrocardiograph throughout the strain period and 14 seconds following the release of the strain. Figure 2 illustrates the results obtained in our patient (A) and in a normal volunteer (B). Healthy subjects usually have a ratio of the maximum to the minimum R-R interval of у1.4, while ratios for patients with autonomic dysfunction are below 1.2. Results that fall between 1.2 and 1.4 suggest a need for repeat testing.
In summary, our patient with Holmes-Adie syndrome presented with orthostatic hypotension secondary to afferent baroreceptor failure. The Valsalva ratio, based on changes in heart rate (R-R interval) induced by the Valsalva manoeuver, provided us, in this case, with a rapid and noninvasive tool in the evaluation of the patient's baroreflex dysfunction. Chronic obstructive lung disease or congestive heart failure however, may invalidate results of the Valsalva ratio. 10 
